The allele frequencies and the polymorphism in the ABO blood group gene of 340 individuals living in the central part of Japan near Tokyo were analyzed using polymerase chain reaction (PCR) based techniques. We analyzed the known polymorphic sites (at positions 297, 526, 657, 703, 796, 803 and 930) between A and B alleles, and the single deletion at position 261 in O alleles using PCR-RFLP (restriction fragment length polymorphism), PCR-SSCP (single strand conformation polymorphism) and sequencing methods. We found two new allele subtypes in the A and B alleles. A new A allele subtype showed four nucleotide differences at positions 297 (adenine versus guanine), 526
Introduction
The ABO system, discovered by Landsteiner (1900) (1959, 1969) and Kabat (1973 (1996) . Analysis of the polymorphism has been investigated by Yamamoto and others (1992 Yamamoto and others ( , 1993a Yamamoto and others ( , 1993b Yamamoto and others ( , 1993c Yamamoto and others ( , 1993d , Kobayashi and others (1994) , Iwasaki and others (1996) , and Ogasawara and others (1996) . DNA sequencing After group-specific amplification (ABO5ABs and ABO313 for groups A and B, ABO5Os and ABO313 for group O, and ABO5AOs and ABO312 for groups A and O), the samples were amplified with a combination of primers ABO52N and ABO313 (758 bp), or ABO5Os or ABO5ABs and ABO36 (181 bp or 182 bp) and were purified by centrifuge filtration (Ultrafree C3HK and C3LTK, Nihon Millipore Ltd., Tokyo, Japan).
The purified DNA was sequenced by the cycle-sequencing method with the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems Division, Perkin-Elmer Japan, Japan) containing forward primer (ABO52N and ABO57, or ABO5Os or ABO5ABs). The sequencing procedure was performed essentially according to the manufacturer's recommendations. DNA sequencings were performed using an ABI 373A automated DNA sequencer (Applied Biosystems Division, Perkin-Elmer Japan, Japan). A reverse sequencing primer (ABO32N and ABO313, or ABO36) was also used and sequences were determined for both strands.
Transferase activity Plasma was separated from fresh blood sample collected in EDTA. The transferase activity was tested using Galserve AB (Sumitomo Seika Chemicals, Tokyo, Japan). The activity titers were compared with those from normal controls. The procedure was performed according to the manufacture's recommendations. Transf erase activity measurement was based on the principle that transferase from group B (group A) plasma can catalyse the transfer of N-acetylgalactosamine (galactose) from UDP-Nacetylgalactosamine (UDP-galactose) to 2'-fucosyllactose (a low molecular weight analogue of H) to form an A-active (a B-active) structure.
Results We studied the genotypes of the ABO blood group using the differences between A and B alleles at nucleotide positions 297, 526, 657, 703, 793, 803 Table 2 ). The O allele with no nucleotide deletion at position 261 was not found in this study. In the blood group A1, three alleles, A0101, A0102 and A0103, were observed in this study (Figure 2) . We tentatively named the allele with cytosine at nucleotide position 467 (proline at amino acid residue 156) as the A0101 allele and that with thymine (leucine at amino acid residue 156) as the A0102 allele. The A0101 allele sequence was identical to that of the cDNA clone FY-66-1 (Yamamoto and others, 1990a) , the ABO*A101 allele (Ogasawara and others, 1996) and ABO*A(Pro) (Fukumori and others, 1996) . We consider the sequence of this allele (A0101) as the reference, and the difference from this sequence will be mentioned for the remaining alleles. The A0102 had an identical sequence to that of the cDNA clone FY-59-5 (Yamamoto and others, 1990a) ABO*A102 allele (Ogasawara and others, 1996) and ABO*A(Leu) (Fukumori and others, 1996) . The A0102 allele was found in 73.0% of the phenotype A1(89/122) and the allele frequency was 0.1971, and the A0101 allele was found in 25.4% of A1 (31/122) and the allele frequency was 0.0691 (Table 3 ). In the B and O alleles, the sequences of cytosine type at nucleotide position 467 were found in 98.7% of the phenotype B (78/79) and 100% of the O (99/99). Therfore, cytosine type was common in B and O alleles.
In an A allele, four nucleotide differences at nucleotide positions 297 (adenine versus guanine), 526 (cytosine versus guanine), 657 (cytosine versus thymine) and 703 (guanine versus adenine) were confirmed in this study (Figure 2 ). Those differences correspond to two nonsynonymous differences (residues 176, leucine versus proline and 253, glycine versus serine) and two synonymous differences (at nucleotide positions 297 and 657) .
This A allele (A0103 allele) that showed the B allelic pattern at these nucleotide positions was found in 0.0164 of A individuals (2/122) and 0.0256 of AB (1/39) . The allele frequency of the A0103 was 0.0044 and it is rare allele in Japanese population (Table 3) . One case of B allele (n=129) showed a single nucleotide difference at position 467 (cytosine versus thymine) and we tentatively named it as B0102 allele ( Figure 2 ). The allele frequency of B0102 was 0.0015 in Japanese population used in this study (Table 3) .
Four nucleotide differences were reported at positions 646 (thymine versus adenine), 681 (guanine versus adenine), 771 (cytosine versus thymine) and 829 (guanine versus adenine) in an O allele (Ogasawara and others, 1996 ; they named it as ABO*O201) and we tentatively named it as O0102 allele (Figure 2 ). This O0102 allele was found in 0. 520 of the AO (52/100), 0.3623 of the BO (25/69) and 0.7374 of the OO (73/99) genotypes , respectively and the allele frequency was 0.2471 in Japanese population (Table 3) .
The restriction maps of new alleles reported in this paper are illustrated in Figure 3 . Transferase activity We compared the transferase activity titers with the common alleles (A0101 and B0101) and the rare alleles (A0102, A0103 and B0102). These transferase titers were 24 or 25 in the plasmas from A0102 allele (n=10) and from A0103 allele (n=3) as well as 24 or 25 in the plasmas from A0101 allele (n=20). The titer of the transferase from B0102 (26) was the same as B0101 allele (25 to 27, n=5). Discussion Since Yamamoto and others (1990a) reported the sequences of the ABO alleles, analyses for the genotype have been investigated (Ugozzoli and Wallace, 1992; O'Keefe and Dobrovic, 1993; Crouse and Vincek, 1995; Fukumori and others, 1995; Stroncek and others 1995) . It has become possible to examine whether the estimated frequencies calculated from the ABO phenotypes agreed with the observed allele frequencies from the genotypes. Recently, the evolution and the presence of the polymorphism of the ABO genes have been investigated (Yamamoto and others, 1992 (Yamamoto and others, , 1993a (Yamamoto and others, , 1993b (Yamamoto and others, , 1993c  Grunnet and others, 1994; Yamamoto and others, 1994; Clausen and others, 1994; Ogasawara and others, 1996; Saitou and Yamamoto, 1997) . The present study is an attempt to elucidate the polymorphism of the ABO gene in a population in Japan.
The observed allele frequencies from genotype data obtained by the PCR-RFLP method were A; 0.2706, B; 0.1897 and O; 0.5397, respectively. There was no significant difference (x2=0.7476) between the expected and the observed data.The present allele frequencies did not have significant difference fromthose of Fukumori and others (1996) and Watanabe and others (1997) (Table4). Phenotype frequencies fitted to the Hardy-Weinberg expectation.
In the present analysis of the polymorphism, four mutant alleles were found in the ABO locus. The glycosyl transferase activities were not different between common and rare alleles.
The A0102 (position 467 is thymine) allele was found in 89 of 122 individuals of blood type A (0.730) and the allele frequency was 0.1971 in Japanese population. The ratio of the A0101 (nucleotide position 467 is cytosine) and A0102 alleles almost agreed with the data reported by Fukumori and others (1996) . In 169 unrelated German the frequency of A0101 allele was higher than A0102 allele (Kang and others, 1997) . On the other hand, Fukumori and others (1997) have proved the presence of high frequency of the A0102 allele in Korean and Thai populations (Table 4) . Consequently, it is suggested that A0102 in the A type alleles is a common allele in Asian populations. The A0102 allele frequency in northern Asia is higher than that of the Southeast Asia, and theA0101 allele frequency in Korean was lower than those of the other Asian populations.We conjecture that the A0102 allele originated in the northern Asia migrated to Japan through Korea peninsula and to Europe through the Silk Road, respectively. On the other hand, the A0101 allele in Europe was introduced to Japan through the Southeast Asia.
Three O alleles have been identified previously. The first O allele (tentatively named as O0101) is characterized by a single nucleotide deletion at 261G in exon 6 of the sequence of the A allele others, 1990a, 1993d; Grunnet and others, 1994) . The second has the same deletion and four nucleotide differences at positions 646, 681, 771 and 829 (Olsson and Chester, 1996; Ogasawara and others, 1996) , and we tentatively named it as O0102. The final O allele is specified by no deletion at nucleotide position 261G and has a nucleotide difference at 802 (Yamamoto and others, 1993c; Grunnet and others, 1994; Olsson and Chester, 1995) . The O0102 allele was found in 0.520 of the AO (52/100), 0.3623 of the BO (25/69) and 0.7374 of the OO (73/99) genotypes, respectively, and the allele frequency was 0.2471 in Japanese population. The ratio of the O0102 allele to O0101 allele in our data of the central Japan (O0101:O0102 =1:0.845) was lower than in the western Japan (Osaka , 1:0.950) (Fukumori and others, 1996) and higher than in the northern Japan (Yamagata, 1:0.778) (Watanabe and others, 1997). There may be a geographical cline for these two allele frequencies in Japan.
However, there was no significant difference among three regions in Japan in all ABO alleles (Table 3) . Non-deletion type O allele is reported in European population, but it was not detected in Japanese population in this study.
Furthermore, we observed two new alleles, tentatively named as A0103 and B0102. The A0103 allele which had four nucleotide differences at positions 297 (adenine versus guanine), 526 (cytosine versus guanine), 657 (cytosine versus thymine) and 703 (guanine versus adenine) was identified in three Japanese individuals. This A0103 allele was not found in previous studies (Watanabe and others, 1997; Ogasawara and others, 1998) . The DNA sequence of this A0103 allele from nucleotide positions 297 to 703 were same as the B type alleles. The allele frequency of the A0103 was 0.0044. Fukumori and others (1996) have described that the A0103 allele has not been confirmed in Osaka region (western Japan). They have also reported that the allele has not been found in Korean, Thai nor German populations (Fukumori and others, 1997; Kang and others, 1997) ( Table 4) . Consequently, the A0103 allele is truly a new allele in the ABO bloo group locus.
The new A0103 allele may be generated by a recombination of two segments originated from B allele and A or O allele, as in the case of a recombinant allele reported by Suzuki and others (1997) . They described that a child having A allele was born from mother of BO genotype and father of OO genotype, and concluded that the recombinant allele encodes a transferase with A1 specificity, resulting from de novo recombination between the B and O allele of the mother during meiosis. They also reported that such recombinant alleles were found in 0.009 of a Japanese population. The transferase activity derived from the A0103 allele was the same as that of the common A transeferase. Second new allele (B0102) showed a nucleotide difference (cytosine versus thymine) at position 467. This allele was confirmed by sequencing that the remaining nucleotides were same as those of common B allele. The frequency of B0102 allele was 0.0015 in this study. This B allele have not been previously reported in Japanese and Caucasian . The transeferase activitiy of this allele was the same as that of the common B allele.
